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Description of the Atlas 

This atlas is a pictorial representation of at- 
mospheric absorption line parameters contained in 
the 1986 Air Force Geophysics Laboratory high- 
resolution transmission molecular absorption data 
base (HITRAN) compilation currently available on 
magnetic tape (Rothman et al. 1987). It is a re- 
vised edition of the atlas previously published by 
Park et al. (1981), which had been based on an ear- 
lier version of the compilation (Rothman et al. 1981a 
and 1981b). This earlier publication has become 
very useful as a quick reference for researchers in the 
fields of molecular spectroscopy and atmospheric re- 
mote sensing. Since a new, extensively revised ver- 
sion of the HITRAN line parameters compilation has 
recently been released, the authors felt that a new 
edition of the atlas was necessary. 

In the atlas are presented plots of the logarithm 
(base 10) of absorption line strength (S converted 
from the HITRAN units of cm-1/(m°iecule cm-2) 
at 296 K to atm_1cm-2 at 296 K) versus wave- 
number (in cm-1) for atmospheric gases. The at- 
las covers the spectral range of the HITRAN com- 
pilation (0 to 17 900 cm-1). Line parameters for 
all gases are taken from the 1986 version of the 
HITRAN compilation with additional data shown 
separately for 0(3P), isotropic 03 (668, 686, 667, 
and 676), and HO2 from the 1984 JPL compilation 
in the spectral region 0 to 200 cm-1 (Poynter and 
Pickett 1985). Solar CO lines at 4500 K, calcu- 
lated by C. P. Rinsland, are also shown for the fun- 
damental and first overtone sequences (Park et al. 
1981). As in the HITRAN compilation, intensities 
of all bands are scaled according to the terrestrial 
abundance of each isotopic species. Approximate 
infrared absorption cross sections (converted from 
the HITRAN units of cm2/molecule to atm_1cm_1) 
of 11 heavy atmospheric molecules (base 10 loga- 
rithm) in the 700- to 1800-cm_1 region are plotted 
beneath the other data. These values were deter- 
mined at equally spaced wavenumber intervals from 
room-temperature laboratory spectra (Massie et al. 
1985) and are included as a separate file in the 1986 
HITRAN database. 

Figures 1 and 2 summarize the parameters on 
a compressed wavenumber scale. Figure 1 lists the 
molecules and shows the regions of spectral data cov- 
erage for each between 0 and 10 000 cm-1. Fig- 
ure 2 shows the absorption cross sections a as con- 
tinuous curves on a base 10 logarithm versus wave- 
number scale for the 700- to 1800-cm_1 region. Fig- 
ure 3 presents plots of the logarithm (base 10) of 
absorption line strength of the AFGL gases versus 
wavenumber for every 1000 cm-1 up to 5000 cm-1 

with the strength scale the same on all plots for each 
gas. This provides a view of the band structures and 
their relative strengths. Above 10 000 cm-1, only 
H2O occurs in the atlas except for O2 from 11 400 
to 11 700 cm-1, 12 800 to 13 200 cm-1, 14 300 to 
14 600 cm-1, and 15 700 to 16 000 cm-1. 

On each page of the atlas, the plots of log (S) 
versus wavenumber for all gases having absorption 
lines in the same 10 cm-1 interval for the 0- to 
200-cm_1 region, 50 cm-1 interval for the 200- to 
6000-cm-1 region, and 100-cm_1 interval for the 
6000- to 17900-cm_1 region are presented in order 
of the integer gas codes given in figure 1. For the 
major gases (H20, C02, O3, N20, CO, CH4, and 
02), all lines having strengths within 10-6 of the 
maximum value for that interval are shown; and for 
the trace gases, all lines having strengths within 10-4 

of the maximum are included. Because the maximum 
and minimum line strengths are redetermined for 
each interval, sudden changes may appear in the 
line strength scale from one plot to another, and 
some weak lines on the HITRAN compilation are 
not plotted in this atlas. Isolated weak bands may 
also appear, at first glance, to be much stronger 
than expected. For the 0- to 200-cm_1 region, some 
intervals are repeated on two pages because of the 
large number of gases which appear in the interval; 
in such cases, H20 lines are repeated at the top to be 
used as reference. In other regions where the number 
of gases appearing in an interval is small, two or 
three consecutive intervals are presented on the same 
page. For the heavy molecule cross-section data, 
the strength scale for each molecule is normalized 
to the same value, so that the scale for each of 
these molecules is the same on all frames. Only 
cross sections within 10-2 of the maximum value are 
included in the atlas. 

NASA Langley Research Center 
Hampton, VA 23665-5225 
July 17, 1987 
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Figure 1. Spectral data coverage for each molecule between 0 and 10 000 cm" 
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I I 9.9010 9.8522 9 8039 9 756' 9.7087 9.6618 9 6154 9.5238 

o 

O 
O 

n 

3 
-4 

-5 
6 
7 
8 

|| 
-L  ll 

• 
• 1 

.1 .11 

J_L 

J_U 

JJL ...1. . 

jiim 

H,0 I        M2 

CO- 

o, 

N20 

CH4 

S02 

-6   9r 
fi i.i. m»iJ i. 

1000 1005 1015 

W  A  V (    'l    I  M  B  E  R 

1020 1025 

:2CI2F4 

1050 

63 



9.5238   9 4787   9.4340   9.3897   9.3458   9.3023   9.2593   9.2166   9 1743   9.1324   9.0909 

[1 
  

Il 1 lull III. Ill Il 1 i  nli 1 i r 

/Ltm 

H20 

CO, 

N20 

CH, 

SO, 

NH, 

a PH, 

CFC 

CF2CI2 

CHCI2F 
F21 

C2CI3F;( 

F1 13 

'W* 
cm 

1100 

W   A   V  E   N   U   M E   R 

64 



9.0909   9 0498   9.0090   8.9686   8.9?86   8.8889   8 8496 J106   8.7719   8.7336   8 6957 

2 
-3 

-     1 O        6 

*i 

;, I   l UK 11 llh. Il   l! Ill . 11 m.nil I 11,   ll !i III II II I; 

iMiM 11111 
>,i 

-Li 

/um 

CO, 

lii in N20 

CH4 

. ,„M i Wl .ILitAM^iAlMitt I Alhik lllii UIULkli!lUI 

j 1   1 1 1 ,11  1      1 1 .1.1   1 .   1      ,                ll               !                                       1    1   ,                 1                        J      1                     1                     1       . 

IT' 
o 

ji ill 

so, 

PH, 

o 

CF2CI2 

C2C!/3 
r 11 • 

C2CI2F4 

f 114 

-1 
cm 

1145 1150 

WAVE   NUMBER 

65 



1.6957        8.6580        8.6207        8.5837        8.5470        8.5106        8.4746 8.4388        8 4034        8.3682 

o 

(/l 

: 

//m 

h20 

0, 

N20 

CH, 

NH, 

ulnrl'Uv    r, .I lilllillll.ii 

illl lli Lilian ...iU .[..I, 

H202 

PH, 

150 1155 1160 1165 

W   A   V  t   N   U   M   B  C   !•• 

1170 1175 1180 1185 1190 1195 

CF2CI2 

("12 

C2CI/3 

C C\ F 

cm 
I 200 

66 



8 3.533 8 2988 8.2645 8.2305 8.1967 8.1633 8.1301 8.0972 8 0645 8.0321 8.0000 
Mm 

• 

jlJIIllillJIlllJlllllillllillliliS 

-° -i III I      mil I       inn! mil i      j 

ISIH3 

• 

1200 '205 

WAVLNUMBER 

F 11 j 

F ' 14 

1220     1225     1230     1235     -24Q     1245     1250 

67 



C/l 

lili, lj   Hi   J imiin.M i Hi i ,i .ih n to- 

O 2 lLiii.il I i.. „JLIi.^„Jinj 

lIlllllililltlMllMlLi 

iiklHllllkllll: 
-J        . .      I.      MJ Li 

NH, 

HOCI 

HCN 

H202 

PH, 

1250 1255 1260 1265 

WAVENUMBER 

1270 1275 1280 

2      2    4 
F 1 14 

CF4 

CIONO, 

cm 
1285 1290 1295 1300 

68 



8.0000 I 9681 7.9365 7.9051          78740         7.8431          78125         7.7821          77519         7.7220         7 6923 

- , ~r         M• 

H20 

-1 ' 
-2 - 

3 

k liljiiilii i   „:,!/! . ill   Jill    111 iJllLlI   lill ll 11:11 

N205 

HNO, 

cm 

69 



7.6923 7.6628 7.6336 7.6046 7.5758 7.5472 7.5188        7.4906 7.4627 7 4349 7.4074 

3 

I I I    I I 

\ \i L  _ ill, iillijuA   ui: III. hi I I lilnii.il kill LuLLi JLi 

..I 

•-•• 

o 

Mm 

H20 

C02 

N 

CH, 

SO, 

NH, 

HOCI 

HCN 

PH, 

1300 1305 1310 1315 

WAVFNUMB^R 

132C 1325 330 1340 1345 1350 

70 



'  ;J01 7 3529 7.3260 7.2993 7.2727 7.2464 7.2202 7.1942 7.1685 

-      \ 

o     -8 

-9 

(/I 

a      -3 

o 

-      -6l 

M III ll ill 111 „: ,i „ i i i IJi III ill Ll !>l.i ilb il v ,l 
| : 

o        2 ! 

C/l 
4 HI 

O      -7 
8 

^B i Himiiilili^ 
I iljllllililjiiHi 

1350 1360 

W  A V E  N  U   M    - 

1370 1375 1380 1385 1390 395 

H20 

C02 

N20 

CH4 

so2 

NH3 

HCN 

CO   SUN 
-1 

cm 
••:.. 

71 



7.1429 7.1174 7 0922 7.0671 7 0423 7.0175        6.9930        6.9686        6.9444        6.9204        6.8966 

 - , , ~n     Mm 
1 
0 

• 

2 1 
4 
5 til  1 II i llllll ! 1. 1) , Nil ll 1, liUlllllIm .il lli.iii 111 il mi ,11, ,i il IL i ll i il i ,1 ill: 

o 

-9 . 
- 

12 - 
- 

II  1 1 r 
" 

I    II      llhl, I     I   ll-l    . I 1,1   I  :|    llllll ll    Illll: 

en 

1400 1405 1410 141b 

WAVEN   UMBER 

1420 1425 1430 1440 1445 

H20 

CO, 

N20 

CH, 

NH3 

HCN 

CO  SUN 

-i cm 
1450 

72 



6.8966   6.8729   6.8493   6 8259   6.8027   6.7797   6 7568   6.7340   6.7114   6.6890   6 6667 

O 

o 

t/l 

(/] 

'.T 

1450 

Uiiiil u iiiu iLJ>l Lil 

6 

10 
11 
12 - - 
:-: 1 1 1 r h  

18 
•'i 
20 - 
21 
2?  , , , , ,—' 1 1 ,  I 

- 

_ 

fj.m 

H20 

CH4 

NO 

HCN 

CO  SUN 

cm" 
1460 1465     1470     1475     1480     1485 ' : . 1495 1500 

WAVENUMBER 

73 



6.6667   6.6445   6.6225   6.6007   6.5789   6.5574   6.5359   6.5147   6.4935   6 4725   6.45*6 

12 r                                                                                                1 
• 

14 
15 •,,,,,        ,      .    ,          .,           ,1'         , 

O 

s 
-4 
-5 
-6 

-  -5 

1500 1505 1510 1515 

WAVENUMBLR 

1520 1525 1530 1535 1540 1545 

/U.m 

H20 

CH4 

NO 

NO,, 

H( N 

CO   SUN 

cm 
1550 

74 



6.4516 6.4309 6.4103 6.3898 6.3694 6.3492 6 3291 6.3091 6.2893 6.2696 6.2500 

a 

•J- 

o 

o     -5 

/um 

H20 

N20 

CH, 

1550 1555 1560 1565 

WAVENUMBE   R 

1570 1575 1 580 1 585 I59i 

NO 

NO, 

NH, 

1595 

CO  SUN 

cm 
1600 

75 



1.2500   6.2305   6 2112   6.1920   6.1728   6.1538   6.1350   6 1162   6.0975   6.0790   6 0606 

O 

0 • 
-1 
-2 
-3 • 

•l ll ,1,1 1! II. Il.ll     ,    • J 1_J ll ll. Ill 1, . ! II i, li ii ii III M i Ii i 

•8 
9 

10 
11 *- 
12 
13 
14 

>• 

fim 

H20 

N20 

CH„ 

• r 
o - 

-•, \\ \   111    ii 1 III    1 

bttiiiiiiillliaiuiiiillliuiiiihi 

2[ 

l\\ III ill! 1 ii iiui iii i in iii iinii ih ii 11 i  Hi Hi in ii in iiui 

0, 

NO 

NO, 

NH, 

CO  SUN 

cm 
1600     1605    1610     1615 

WAVENUMBER 

1620     1625 1630 1635     1640 1645 1650 

76 



6.0606   6 0423   6 0241   6.0060   5 9880   5.9701   5.9524   5.9347   5.9172   5.8997   5.8824 
fim 

H20 

N20 

CH, 

NO 

N(   ; 

NH, 

HNO, 

CO  SUN 

1650 1655 1660 1665 

WAVEN   UMBER 

1670 1675 1680 168! 169 1695 

N205 

cm 
1700 

77 



5.8824 5.8651 5.8180        5.8309 5.8140 5.7971 5.7803 5.7637 •   ' 5.7307 5.7M3 
in> 

H,0 

N 

CH, 

UOllliJ- 
•,; 

HNO, 

11   ii i Lliill i i i 
CO  SUN 

1700 1705 1710 1715 

WAVENUMBER 

N205 

1720 1725 1730 1735 1740 1745 1/50 

78 



5.6980   5.6818   5 6657   5.649/   5 6338   5.6180   5 6022   5.5866   5 5710   5.5556 

a       i 
4 

O      -i 
- A 

Uill J Jj iliLli II 111, ill ft Alii liLiliu4 kiu 

.;•' 

H20 

:.J i . .L.li    i ,1 iL    >'il 1   Li ii Li H   . i ! il   i ,1 ,, II i II J; HI l„; 
• 

1    II 
il    III |||| 1    1 T   '                    ^ 1    1 _L 

| 1 1 lit, i 

\ ,0 

CH< 

NO 

NH, 

CO  SUN 

1750 1755 1760 1765 

WAVENUMBER 

1770 1775 '      7 1 785 1 790 1795 

N205 

cm 
1800 

79 



5.5556   5.5402   5.5249   5 5096   5.4945   5.4795   5.4645   5.4496   5 4348   5.4201   5.4054 

in 

L>", 

1800 1805 1810 1815 

WAVE   N' UMBER 

1820     1825     1830    1835     1840     1845 

£im 

H20 

CO, 

1 
0 
1 
2 ll I I ill   I i il , 11 i i . i . i. i 

0 
1 
2 
3 
4 i , II i ,i, i  M ii. il     : 
1 
2 

4 
5 I |J I i Mil l , 1 il Jij LI illdh km nil !i lit k Hi iiiiiiUiiiiij ,1 ,ll 1 ill III ill 

N,0 

CH, 

NO 

['.!•. 

CO SUN 

1850 

80 



5.4054   5.3908   5.3763   5.3619   5.3476   5.3333   5.3191   5.3050   5.2910   5 2770   5.2632 

en 
o 

ll  ..ll ..   1111    il ll 1   1, III, , 1, 1 1,1 I.I.Ill II III: 

a 

o 

1850 1855 1860 1865 

WAVENUMBER 

/j.rn 

H20 

1 " 
0 
1 

2 
l.i           i.l.         i     1 .  ;, I .    h It J      .l.i,, i i i Li l.iijjjlj 1      1 , i    i.i  i . 

- 

1                                                         1 

(1J   1  i,   .illd.il till 1 ill ill III Jill llll 1 III li ii. urn mill ,11 || 

lii My till Mill JliMldjl lilliiiiiiiii! liii il. liL 1 iiii ii IL J. u ll: llll llll, III1 

t   co2 

0, 

N,0 

CH4 

r. 

NH, 

CO  SUN 

cm 
1870     1875     1880    1885     1890     1895     1900 

81 



5.2632 5.2493         5 2356         5.2219 5.2083         5.1948         5.1813 5.1680         5.1546         5.141' 5.1282 

or 
-1 - 

£o      -2" 

O       -4 - 

6   .    . [,.1        I.I.I.              1          l 111 j       .1         1           II        1.   L ll   I mil ,l I   I, ll I lli      J 
H,0 

I       2 

i§ Mm iiiimiil in    IM ill In :   co2 

-i' 

ST   -5- 

?     T 
S  • 

-9      1 illiliiiilililililllillililliii 111   1 :   o3 

-2[ 

iniii i iiiiiii ;    N2O 

4 
-5 

00      ~6 " 

^     'I" O      -8 - 
-9 - 

-10 
:   CH4 

1  ' 
ST       ° 
^     'I 
5   :§: 

;    NO 

-1 " 

« ~2' j 

HI ikhhiii.i lAlM ,,     | i   mill J :   NH3 

§ lli, -5 llill ii illiiki JililijIJllllkil li.JJ ttiiliiiLliiiii iiliiliiiililiiJiiiJlliiiiiiiiLililli! •     CG  SUN 
i ̂          -1 
j    cm 

1900     1905     1910     1915 

WAVENUMBER 

1920 1925 1930 1935 1940 1945 1950 

82 



5 1282 5H51 5.1020 5.0891 

t/l 

5 0761   5 0633   5.0505   5.0378   5.0251   5.0125   5.0000 

       Mm 

H20 

: III ll 1 1 Mill lljli 1 1   1    1    1   1 1 i Lii-i.ii  i" 

liliUii ,:llJl ML 1. iikiMJii 

CO, 

o3 

N20 

CO 

NO 

NH, 

CO  SUN 

cm 
1950 1955 1960 1965 

WAVEN   UMBER 

1970 1975 1980 1985 1990 1995 2000 

83 



5.0000   4.9875   4.9751    4.9628   4.9505   4 9383   4.9261    4.9140   4.9020   4.8900   4 8780 

o 

o 

0> 
o 

0> 
o 

o 

o 

O 

- 

1 , J II, Him ill lllli IIIII ,, » " III: 

21 
-  -5 

2000 

I I I I I 

ikn„j,.li,l,  liJlU, I, LuLjik, 

12 
13 - 
14 • - 
ifi 

- 

ill 

Aim 

H20 

CO, 

N20 

CO 

NO 

NH, 

ocs 

CO  SUN 

cm 
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 

WAVENUMBER 

84 



4.8780   4.8662   4.8544   4 8426   4.8309   4.8193   4.8077   4 7962   4 7847   4 7733 4 7619 

l/i 

-2 

10 
i ' 

-12 
-13 - 
-14 

: | ,1 
LL.L, L 1 1 i 

c'r 

I 

iilihh„iJaliilji,lli,ill LI,...i,,JiLl.L,i,i,HLJl,M.,Li 

/Ltm 

H20 

CO, 

N20 

CO 

CH. 

NO 

NH, 

ocs 

CO  SUN 
-t cm 

2050    2055    2060    2065 

WAVENUMBER 

2070 2075 2080 2085 2090 2095 2100 

85 



4.7619 4.7506 4.7393 4.728: 4.7170        4.7059 4.6948 4.6838        4 6720 4.6620 4.651? 

2 
-3 

*     1 O      -6 
-7 Ml         1     || 1  1   :!:.   Ill  j ^ii,,; 

I/) 

O 

5 
6 •       II 
7 • ii        ii 
8 • r   1 1 

LllliJiL li.lli; 
2100 2105 2110 2H 5 

WAVENUMBER 

2120 2125 2135 2140 ..'!•!• 

2 
i - 
4 • 

5 - 
6L I _  

10 
11 
12 - 
13 
14 1 1 1  1 , ,  , ,  1 1  

,um 

H20 

CO, 

o. 

N,0 

CO 

CH4 

NO 

NH, 

HI 

cm 
2150 

86 



4.6512 4 6^04   4.6296   4.6189   4 6083   4.5977   4.5872 .5767   4 5662   4 5558   4.5455 

1 
1 mil 1 in 1 III   1 III III " i ' i |j 

t/l 

0 

2 1       1    1 
••• II 1 1   ll       II   1,     1 1,    1   11,1     1 l|     ll .     Ill, 1   1,   . O-L i    ! i   1 i 

I- 

••'• 

til L iiiiiiii in i iiii 
2150 2155 2160 2165 

WAVENUMBER 

2170 2175 2180 2185 2195 

1 
? - 
3 
4 - 
5  

• 
10 . 
11 • 

I. 
13 i  

/Ltrn 

H20 

CO, 

N20 

CO 

CH. 

NH, 

OH 

[.[-,.- 

'i 

CO SUN 
-1 cm 

2200 

87 



4.5455 4.5351 4.5249 4.5147 4.5045 4.4944 4.4843 4.4743 4.4643 4 4543 4 4444 

V) 

o 

1 
0 - 

1 1 
2 
3' I" 
t "jj I  

o •1 . 
5 

ilLUik UiiiiU 
2200 2205 2210 2215 

WAVLNUMBCR 

2220 2225 2230 2235 2240 

-sr 
~9r . 
io[- - 
i' [ 

i                               r r 

fim 

H20 

CO, 

N,0 

CO 

CH„ 

HBr 

H 

CO  SUN 
-1 cm 

2245 2250 

88 



(A! 
a 
g 

10 
11 
1? 

u Jl 1J 

2250 2255 2260 2265 

WAVENUMBER 

2270 2275 2280 2285 2290 2295 

CO   SUN 
-1 cm 

2300 

89 



4.3478   4.3384   4 3290   4.3197   4.3103   4.3011   4.2918   4.2827   4.2735   4.2644   4.2553 

C/l 

en 

t/1 

o ll II 

I 

J_L 

2300    2305    2310    2315 

WAVENUMBER 

2320 2325 2330 2335 2340 2345 

1 
2 - 
3 - 
4 - 
5  

/im 

H20 

CO, 

N20 

CH4 

ON 

HBr 

Hi 

CO   SUN 

cm 
2350 

90 



4.2553 4.2463 4 2373 4.2283 4.2194 4.2105 4 2017 4 1929 4.1841    '     4.1754 4.1667 

o 

'T. 

/um 

H20 

CO, 

N20 

CH, 

12 
i i - OH 

o 

-2 - 
-3 
-4  

HBr 

o 

2r 
3 • 
4 - I 

b 
6  

R 1 
'.» - 

10 

1? 

2350 2355 2360 2365 2370 2375 2380 2385 2390 2395 

til 

cm 
2400 

WAVfLNUMBER 

91 



4.1667 

o 

o 

c 

O 

0» 
a 

16 
17 . 
'8 - 
19 
 r 1  

0 
-1 - 
-2 - 
-3- 
-4  

0> 
O 

-8 
-9 : - 
10 • - 
1? t_ i ,  •—i 1— 

OH 

HBr 

cm 
2400 2405 2410 2415     2420     , •;. '     2430     2435     2440     2445     2450 

WAVENUMBER 

92 



4,0816   4.0733   4.0650   4.0568   4 0486   4.0404   4 0323   4 0241 4.0161    4.0080   4.0000 

l/l 

Mil^milMitttlMlWi^^^Mi 
10 
11 

12 J 
13 
14  1 ' —l 1 1— 

_J 
-3 
-4 - 
-5- 
-6 - 
-7 

a 
9 _ 

10 
n 
 1—' 1 1   -~i ' i r   1 1— 

fj.m 

H20 

CO, 

N20 

CH4 

SO, 

OH 

HO 

HBr 

cm" 
2450 2455 2460 2465 2470 2475 2480 2485 2490 2495 2500 

WAVENUMBER 

93 



4.0000        3 9920 J.9841 3.9761 3.9683 3.9604 3.9526 3 9448 3.9370 3.9293 3.9216 
am 

H20 

CO, 

N,0 

CH4 

SO, 

OH 

HO 

HBr 

171 

V 

9 
10 - 

-11 
-12 

, ,  ,i                     ,           l 
2500 2505 2510 2515 2520 

cm 
2525 2530 2535 2540 2545 2550 

WAVENUMBER 

94 



39216   39139   3.9063   3.8986   3.8911   3.8835   3.8760   3.8685   3.8610   3.8536   3 8462 

1/1 

11 • 

VI , 
13 
M 
lb . 1 1—1 ^J •   i'  , 1 i—, ,— i , 1 , 1—, 

2550 2555 2560 2565 

WAVENUMBER 

2570 2575 2580 2585 2590 2595 

/u.m 

H20 

CO, 

N20 

CH, 

OH 

HCI 

HBr 

cm 
2600 

95 



3.8462 3.8588 3.8314 3.8241 3.8168   3.8095   3.8023   3.7951 3.7879 3.780 7 3.7736 

O 

u 

-8 
9 

10 - 

:J1 

12 
• 5 . 
14 | 
•'.• 

Ifi  1 —i 1 1 1 1 1  

jLtm 

H20 

C0o 

N20 

CH4 

OH 

HCI 

HBr 

cm 
2600 2605 2610 2615 

WAVEMUMBER 

2620 2625 2630 2635 2640 2645 2650 

96 



3 77.36 3 7665 3.7594 3.7523 3.7453 3 7383 3.7313 3.7244 3.7175 3.7106 3.7037 

ir. 
IT 

(/) 
O1 

^m 

H20 

CO, 

CH„ 

OH 

HCI 

HBr 

H2CO 

cm 
2650 2655 2660 2665 2670 2675 2680 2685 2690 2695 2700 

WAVENUMBER 

97 



3.7037   3.6969   3.6900   3 6832   3.6765   3.6697   3.6630   3 6563   3.6496   3.6430   3.6364 

o 

o 

-7 
6 

-9 - - 
10 
I I 

 1 1 1 1 1 1 1  

l/S 

2700 2705 2710 2715 

WAVENUMBER 

2720 2725 2730 2735 2740 2745 

fj.rr\ 

H,0 

CO, 

N20 

CH, 

OH 

HO 

HBr 

H2C0 

CO  SUN 

cm 
2750 

98 



3 6364 3 6298        3.6232 3.6166 3.6101 3.6036 3.5971 3.5907 3.5842 3.5778 3.5714 

o 

CO 

a1 

CP o 

1/1 

1/1 

/Um 

H,0 

C09 

• 

0 - 
2 

'                              1 1                                                     1                                                     1 ' i , , , , 1 

N20 

CH, 

OH 

HCI 

HBr 

H2C0 

CO  SUN 

cm 
2750 2755 2760 2765 2770 

WAVtNUMBER 

2775 2780 2785 2790 2795 2800 

99 



3.5714   3.5651   3.5587   3.5524   3.5461   3.5398   3.5336   3.5273   3.521 3.5149   3.5088 

t/1 

o 

ill if. II iillilili illli: Jllill mil |li -,     ',i 

o 

O 

2800     2805     2810     2815 

WAVENUMBER 

2820 2825 2830 2835 2840 2845 

,um 

H20 

1 
0 
1 

• 

2 
-^ ' 

N20 

CH, 

NO, 

OH 

HCI 

H2C0 

CO  SUN 

cm 
2850 

100 



3.5088   3.5026   3 4965   3.4904   3.4843   3.4783   3.4722   3.4662   3.4602   3.4542   3.4483 

o 

u i 

5 1 
6 - 

5: I  I I I 

HI n hi in 

2850     2855     2860     2865 

WAVLNUMBER 

2870 2875 2880 288« 2890 2895 

/UITI 

H20 

CH4 

[•: 

OH 

HCI 

H2CO 

CO  SUN 
-i 

cm 
2900 

101 



3.4483   3.4423   3 4364   3.4305   3.4247   3.4188   3.4130   3.4072   3.4014   3.3956   3.3898 

2 

0 1 • 

? 
1 • ' 

o 

(/I 

?" 

-1 
-2 

5 • 

4 
-5 

-6 
-7|- 
-8 

'1 
10 

2900 2905 2910 2915 

WAVENUMBER 

2920 2925 2930 2935 2940 2945 

/xm 

H20 

CH4 

NO, 

OH 

HCI 

H2C0 

CH3CI 

CO  SUN 

cm 
2950 

102 



.13898 3.3841 3.3784 3.3727        3.3670        3.3613        3.3557 3 3501 3.3445        3.3389 3.5233 

-2 
-1 • 

*    1 O      -6 

O 

^n.iUi Itu lyiilJihll.ln^ulikLn^i.^L ^i,,Ji 

li Hill 111 

/j.m 

H20 

2 

:; 1 

? 

iiiiii!ii,iiiini.ii 

a 
9 

10 

CH4 

OH 

HCI 

H2CO 

CH3Cl 

CO  SUN 

cm 
2950    2955    2960    2965    2970    2975    2980    2985    2990    2995    3000 

WAV [NUMBER 
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3.3333   3-3278   3.3223   3.3167   3.3113   3 3058   3 3003   3.2949   3.2895 

-1 
-2 

^ "2 o     -5 
-6 1 

en 
o 

3.2841          3.2787 
       Mm 

J, l.llUill .1 1.1 ill 1 lilli ii ill ill 1 iilllJih ill! ii IllllJi  hi lull 1.1     In 
H20 

lllllilll 
iiiil|hiiil|||iiiiiiiiiiiiiiil|iillill||lliillilliiJliliil 

iiiflttiHiiiiiiiiiiiniiiii 
o 

-5 

3000    3005    3010    3015    3020    3025 

WAVEN   UMBER 

CH, 

OH 

HCI 

CH3CI 

CO SUN 

cm 
3030 3035 3040 3045 3050 

104 



3.2787   3.2733   3.2680   3.2626   3.2573   3.2520   3.2468   3.2415   3.2362   3 2310 3.2258 

in 

o iiittiikiniiiiiiAiiiiiiiiiittiiiilii 
• 

/um 

H20 

CO, 

o, 

CH4 

OH 

HCI 

CH,CI 

CO  SUN 

cm 
3050 3055 3060 3065 3070 3075 5080 3085 3090 3095 3100 

WAVENUMBER 

105 



32258 3.2206 3.2154 32103 3.2051 3.2000 3.1949 3 1898 3.1847 3.1797 3.1746 

V) 

o 

01 

0 

/nm 

H20 

? • 

i • 
A • 

5 . 1 
H  . T .  . .  ,                          ,         1 L, ^J 1—, r  

CO, 

CH4 

OH 

HCI 

CH3CI 

CO  SUN 

-1 
cm 

3100 3105 3110 3115 3120 3125 3130 3135 3140 3145 3150 

WAVENUMBER 

106 



31746   3.1696   3 1646   3 1596   3.1546   3.1496   3.1447   3.1397   3.1348   3 1299   3 1250 

O 

1/1 

i r 
2 • 

3 -                                                                                                II                         1 

Hihl Llljllihll ll    l ill I ll|   11,1 i, 11,1 I,    III III. \ !i   ill      ,     , i 

o 

1/1 

,' 
-3 

<•• 
•5 

•S <> 

.     ,     i     <     I     I, . i     I    : 

3150 3155 3160 3165 

WAVENUMBER 

3170 3175 3180 3185 3190 3195 

Mm 

H,0 

CO, 

ChL 

OH 

HCN 

CH3CI 

CjH 2 

CO   SUN 

cm 
3200 

107 



3.1250        31201 3.1153 3.1104        3.1056 3.1008        3.0960 3.0912 3.0864 3.0817 3.0769 

i/i 

O 

Uli 

C 

o 

Lnilin i ,ij[• LL 

III, II lill 

ujl 

llli 

3200 3205 3210 3215 

WAVENUMBER 

3220 3225 3230 3235 324 3245 

19 
20 - 
21 - 

,            I     ,                  ,1               ,           1       ,                  J ,        1 1, " 

-1 
-2 - 

-5 i    . U U  
1 " 
0 • 

3 U-J J L L_J { LJ I LJ L 

/xm 

H20 

CO, 

CH4 

NO 

OH 

HCN 

OjH o 

CO   SUN 
-i 

cm 
3250 

108 



3.0769   3.0722   3.0675   3 0628   3.0581   3.0534   3 0488 30441 3.0395        3.0349 3.0303 

(/I 
o1 

t/l 

o 

(/I 

-1 
• 

ll, 

i   lln    lilli ii   1   » !   il U Ml 

1 i 

18 1 
' 1 ,       1        ,               l               ,      1        ,             1, ,    1 —, 1— 

Aim 

H20 

CO, 

N20 

CH4 

NO 

OH 

HCN 

CaH j 

CO  SUN 

3250 3255 3260 3265    3270    3275     S280    3285    3290    3295 3 5 :i : 

W A V F N U W E R 

109 



3.0303   3 0257   3.0211   3.0166   3.0120   3.0075   3.0030   2.9985   2.9940   2 9895   2 9851 

0> o 

01 o 

•—^ 

1/1 

o 
0 

i r                                                                                                                                           i 
2 •                                    h                                                                                                                       i 
3   . 

5              1        I s jjiiill, ll , III iliinl! 
1 !.l   1 III 11 ll 111 ill lilLlllLii till in,, ih mill III IL iiiii i,ii 

c 
o 

°   :2J1 

b 

iJ VJI 
3300 3305 3310 3315 

WAVENUMBER 

3320 3325 3330 3335 3340 3345 

- 
1 1 1 1 1 1 1 1 , 1 1 1 u 1 1 

1 

/xm 

H20 

CO, 

N20 

NO 

OH 

HCN 

C jH ~ 

CO  SUN 

cm 
3350 

110 



2.9851   2 9806   2.9762   2 9718   2.9674   2.9630   2.9586   2.9542   2.9499   2 9455   2.9412 

-i r 
-2 • 
-3-                  1 

iluihiuMijlliL < il 11 ilii j in klukllJij. ilii ill ilii ii ii 11 

(/l 

9 
-10 - 
-1 1  - 
-12 
-13 

;- 
o 

C/l 
5 
6 

O 

I   U   Mil MM 
3350 3355 3360 3365 

WAVENUMBER 

3370 3375 3380 3385 3390 i 595 

i   111   ll   ll   li   i    il   .1   .ll . I  : S I ! i I I I , I , I   I . I   i   i   .   • : 

fim 

H20 

CO, 

N20 

NO 

OH 

HI 

HCN 

C,H 2 

CO  SUN 

cm 
3400 

111 



2.9412 2.9369 2 9326 2 9283 2.9240 2.9197 2.9155 2.9112 2.9070 2.9028 2 8986 
/jm 

H20 

CO, 

N20 

NO 

OH 

HF 

1 1 
2" | A I     I     I    I     I I 

HOCI 

o 

3400 3405 3410 3415 3420 3425 3430 3435 3440 3445 

HCN 

CO   SUN 

3450 

WAVENUMBER 

112 



2.8986   2.8944   2.8902   2.8860   2.8818   2.8777   2.8736   2 8694   2.8653   2.8612   2.8571 

3450    3455    3460    3465 

WAVENUMBER 

3470 3475 3480 3485 3490 3495 

/mm 

H20 

CO, 

N20 

NO 

OH 

HI 

HOCI 

CO  SUN 

cm 
3500 

113 



3500     3505     3510     3515 

WAVENUMBER 

3520 3525 3530 3535 3540 3545 3550 

114 



2 8169   2.8129   2.8090   2 8050   2.8011   2.7972   2 7933   2.7894   2.7855   2.7816   2.7778 

r—••^•  , , —_        M• 

or 

H20 

V  1 
(II 
o -b 

7 
-a 

-.1 
(/: -4 

', n> 
h -/ 

to 
1 
0 

;v, 

0 -/ 

luiiiili 
ll.lLl  lllll.l,,    .ll      ,,, It 

i ii    i i... .ill ... ill ui IJ hi li Li  Ji I nil ih: 

nil JlllllilillillMilliHllliiiyilttlil^ 
i.ill,ii...,;i,11i,iLIJIjni c°_fuN 

3550 3555 3560 3565 

WAVEN   UMBER 

3570 3575 3580 3585 3590 3595 

CO, 

N20 

NO 

OH 

HF 

HOO 

cm 
561 

115 



2.7778   2.7739   2-7701   2.7663   2.7624   2.7586   2.7548   2.7510   2.7473   2.7435   2.7397 

a 

v 
a 

o 

: 
5 I 
4 

- 

Li! ill ill:, liiil n ill ll U L L ill III ill il IL II i ii i ijijj in i.ill illm I I ll,J,it 

i   111 i I. i 1 , J , L L, i.l    ..    i ..  I I 1 I i_J_ J_J i_LJ 

in 

0 

!/1 

fj.m 

H20 

C00 

N20 

NO 

OH 

HF 

HOCI 

CO  SUN 

cm 
3600 3605 3610 3615 

WAVENUMBER 

3620 3625 3630 3635 3640 3645 3650 
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2 7397 2.7360 2 7322 2.7285 2.7248 2.7211 2.7174 2.7137 2.7100 2.7064 2 7027 

      M• 

C/) 
-2 - 

o     -3 
4 

-5 i IL ,j. 'k  I Jill. l    l 1   ill:    I 

l/l 

|jJ.Jl.JJ.„1,..ilt>l,lJ.l,lLJ„llllll 11,1,11,1 l,LIJli..il,i liUkk 

1 
2 
3 
4 1 - 

J 1 
2 
' 

•1 

- 

1 
0 
1 

2 
i 

; 
- 

N.I nu.ll Jill I '. Ii,,,1  L.Ul, n,..,!.!!.!,,!, I„L , 

H20 

CO, 

N20 

NO 

OH 

HOC 

CO  SUN 
-i 

cm 
3650 3655 3660 3665 

WAVENUMBER 

3670 3675 3680 3685 3690 3695 3700 

117 



2.7027   2.6991   2.6954   2.6918   2.6882   2 6846   2.6810   2.6774   2.6738   2 6702   2 6667 

o 

i r 

i r 
2 •                                                                                   1 

1                . . , , .i.i„ ,1,1,1    ii Mill 
or 

4                                                                                                                    II 

o 

-5 I 
,11 

i 
jj. .MU.iL.. illJl    .   Jl.l   I     .i,,L   .  I,.,,!,,,,!,!. 

/i.m 

H20 

CO, 

N20 

NO 

OH 

HF 

HOCI 

CO  SUN 

cm 
3700    3705    3710    3715 

WAVENUMBER 

3720    3725 3730 3735 3740 3745 3750 

118 



2 6667 2.663 

IT 
O 

o 

(/i 

-7 

o     -6 

iiillilililililiiiiiiiiiiiii ii in i,    i       i 
w* JillllLI liWi » ,.li.L IMI 

N20 

HOCI 

CO  SUN 

cm 
3750 3755 3760 3765 

WAVE   NUMBER 

3770 3775 3780 3785 3790 3795 3800 

119 



2.6316   2.6281   2.6247   2.6212   2.6178   2.6144   2.6110   2.6076   2.6042   2.6008   2.5974 

0 
'~N      i on       ' 
^     "2 

-4 
-5 

-4 
-5 

CO      "6 

*     'I O      -8 

• ' 0 

o 

O      -I 

O 

5 

£ :§ Ik 

LLLM LI
!

1 i ii ii i 

iiilii 

i    I.   ,,, Li .I,! 111 II 

/Ltm 

H20 

CO, 

N20 

3800    3805    3810    3815 

WAVLNUMBER 

3820 3825 3830 3835 3840 3845 3850 

120 



2.5974   2.594C   2.5907   2 5873   2.5840 2.5806 2 5773   2.5740   2.5707   2.5674 2.5641 
/Ltm 

i/i 
o 2 • 

3 - 
-4 
-5 

5 
6 

-7 
-8 

9 
10 
t : 

-1 
-2 

! 
-4 

5 
6 
7 

-5 
-6 
-7 

B 
9 

!.l I , ill ]   Ill 111 ̂ iiLkL 11 ,     ,     Il  i|ll J_LJ_L Jl III. i.ll 1     : 

V) 
'Si 

2 
1 
0 

yi^iiljjiiijUiilliliii.yliJiiiaii 

4—L 

3850 3855 3860 3865 

WAVENUMBER 

3870 3875 3880 3885 3890 3895 

lilillililililJliiikJlilllliJt 

H20 

CO, 

N20 

NO 

OH 

HI 

CO   SUN 
-i cm 

3900 

121 



2.5641   2.5608   2.5575   2 5543   2.5510   2.5478   2.5445   2.5413   2.5331   2.5349   2.5316 

O 

-2 
-.) 

4 

-5 
i 

D 
0 

M  :f|li 

HI   ti lL i,i 

iiuUJJtt llkill i llMii iiliiiiiiUi 
3900 3905 3910 3915 

WAVENUMBER 

3920 3925 3930 3935 39^0 3945 

- nil i ii 1 II I II uni i II 
i 

. ) * 11 i 

fim 

H20 

CO? 

CH4 

NO 

OH 

HF 

CO  SUN 

-i cm 
3950 

122 



2.5316   2.5284   2 5253   2.5221   2.5189   2.5157   2.5126   2.5094   2.5063   2.5031   2.5000 

-1 
-2 

1/1 3 
-4 

111 

o b 
-fi 
-7 

S 
6 

(71 -7 
-H rr 

0 y 
in 

-ii 

; 
i 

V) 4 
•l 

(T 
0 • 

-7 
a 

-A 
9 (71 

II 
-1 1 
-17 

i 
i/l -4 

-S 
(ji 
n n -/ 

-  1 
4 l/l ', 

(T 
i. .' 

llllili LLi II V 

, 

4. Ul ir 

lil L.LLi.illiI,,.! 

/am 

H20 

CO, 

CH4 

NO 

OH 

CO  SUN 

cm 
3950 3955 3960 3965 

WAVENUMBER 

3970     3975     3980     3985     3990     3995 4000 
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2.5000   2.4969   2.4938   2.4907   2.4876   2.4845   2.4814   2.4783   2.4752   2.4722 2.4691 

O 

O 

i 
4 

5 
5 
7 

- 

1 - 

0 - 
1 - 
9 

ii in iili I i ill. ill I. II llli iliilil , III til lii Hill lilUJI Ml   I JIUILE 
4000 4005 4010 4015 

WAVENUMBER 

4020 4025 4030 4035 4040 4045 

/im 

H20 

CO, 

N20 

CH, 

OH 

HF 

CO SUN 

cm 
4050 

124 



2 4691   2.4661   2.4631   2.4600   2.4570   2.4540   2.4510   2 4480   2.4450   2 4420   2 4390 

-I 
-2 

* i o  -5 
-6 

I 
-4 - 

(/I  ~5r 

O  -7|- 
-8 
9 

1 y iiuiiiii Li . ni   ,    1,    1     til i 111 ill Jj 1,1, , 111 1 III ill JIUJ II     I 

o 

c/1. 
f.r. 

o Ji M mMlm 
4050     4055     4060     4065 

WAVENUMBER 

4070     4075     4080     4085     4090     4095 

3 
4 

5 • 

6 - - 
7 • - 
a 
<<  ,—' 1 1— 

1 ,—'  r~ 

fj.m 

H20 

N20 

CO 

CH, 

OH 

HF 

CO  SUN 

4100 

125 



2.4390   2.4361 2.4331 2.4301 2.4272   2.4242   24213   2 41 2.4155   2.4125   2.4096 

4100 

Mm 

H20 

CO 

CH4 

OH 

HF 

HI 

CO  SUN 

-i 
cm 

4105 4110 4115 4120 4125 4130 4135 4140 4145 4150 

WAVENUMBER 

126 



2-4096   2.4067   2.4038   2.4010   2.3981   2 3952   2 3923   2.3895   2.3866   2.3838   2 3810 

I./I 

u 5 
6 

1/1 

a 
c 

ill. 

5 
4 - 

5 • 
6 • 
7  

• nl    I      ,1  .,,„•  I , I    I 11       I     .    II    . .1   1     J.   ll .!..lJ|i|lfl.    .. 

/j.m 

H20 

CO 

CH4 

OH 

HF 

• 

CO   SUN 

1150 4155 4160 4165 

WAVEN   UMBER 

4170 4175 4180 4185 
cm 

4190 4195 4200 

127 



2.3810   23781 2.3753   2.3725   2.3697   2.3669   2.3641   2.3613   2.3585   2.3557   2.3529 

t/l 
—•* 

oi 

O 

00 

c 

o 

o 

0» 
o 

6 
7 - 
s - 
9 " 

11.1 il .1,, jiii iLill U i h iin ii 111!    UN 1..J1 

4200 4205 4210 4215 

WAVENUMBER 

4220 4225 4230 4235 4240 4245 

2[ 
1 - 
4 - 
5 - 
6  

jum 

H20 

CO 

CH4 

OH 

,.,;. 

H 

CO SUM 

cm 
4250 

128 



"2.3529 2.3502   2.3474   2.3447   2.3419   2.3392 .3364   2.3337   2.3310   2.3283   2.3256 

o 

v. 

lllll llil'illlll 

Hi H' 

n 
9 
0 

2  r 1                                '  i • 1  1 1 1 1 

2 
3 - 
4 - 
5 - 
6  

/UITI 

CO 

CH4 

OH 

HF 

H 

CO  SUN 

4250 4255 4260 4265 

WAVENUMBER 

4270 4275 4280 4285 4290 4295 4300 
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2 3256 2.3229 2.3202 2.3175 2.3148 2.3121 2.3095 2.3068 2.3041 2.3015 2.2989 

in 
2 
3 
4 

/xm 

H20 

N20 

CO 

CH. 

OH 

HF 

-2 
-3 • 
-4 • 

-b • 
-6  

4300 4305 4310 4315 4320 4325 4330 4335 434C 4345 

CO   SUN 

cm 
4350 

WAVENUMBER 
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2.2989 2 2962 2 2936 2.2910 2.2883 2.2857 2.2831 2.2805 2.2779 2.2753 2.2727 

o 

9 
10 • 

on 

00 
5i 

en 
o 

435 

1LL1L 

7 
-8 

9 • 

'  : - 
1 1 
V  1 1 1 1 1 T 1  

10 
11 

12 - 
•A 

' 1 < 1  1 1 T   1 1 1 1  

2r      i 
3 • 
4 • 

5 - 
6 I ,  

/Ltm 

H20 

CO, 

N20 

CH4 

OH 

HI 

CO   SUN 

cm" 
4355 4360 4365 4370 4375 4380 4385 4390 4395 44C 

WAVE.   NUMBER 
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2.2727        2.2701 

-5 
-6 
-7 
-8 
-9 

-10 • 
-11 

cr 
a 

2.2676 2.2650 2.2624 2.2599 2.2573 2.2548        2.2523 2.2497 2.2472 

H20 

4400 4405 4410 4415 

WAVENUMBER 

4420 4425 4430 4435 4440 4445 

12 
13 . 
14 - 
15 
16 1 1 1 '  1 1 '  1 1 F r '  

CO, 

N20 

OH 

HI 

cm 
4450 

132 



2.2472 2.2447 2.2422 2.2396 2.2371 2.2346 2.2321 2.2297 2.2272 2.2247 2.2222 

•j: 

(J- 

-6 
-7 
-8 - 

9 • 
• - 
11 • 

2 
-i 

I 
5 
6 
7 

4450 4455 

14 
15 
16 
• f 

- 

-2 
-3 - 

'-* ,—I , 1—, U L 1—,—I—{—LLL , : 

/U.m 

H20 

co2 

CH4 

OH 

•' 

cm' 
4460 4465 4470 »475     4480     4485     4490     4495     4500 

W A V E N U M E R 
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2.2222 

-3 
-4 - 
-5 • 

2.2198 2.2173 2.2148 2.2124 2.2099 2.2075 2.2051 2.2026 2.2002 2 1978 

o 

Aim 

4500 4505 4510 4515 

WAVENUM'BER 

4520 4525 4530 4535 4540 4545 4550 

2 1978   2.1954   2 1930   2 1906   2.1882   2.1858   2.1834   2.1810   2.1786   2 1763   2 1739 

-1 
2 ^ 

-3 • 

-4 - 
-5 - 
-6 
-7 

- • 

4550    4555    4560    4565 

WAVENUMBER 

4570 4575 4580 4585 4590 4595 

/j.m 

H20 

CO, 

N20 

CH, 

cm 
4600 

134 



2.1739 21716 2 1692 2.1668 2 1645 2.1622 2.1598 2.1575 2.1552 2.1529 2.1505 

c 

5 
6 
7 

-8 
-9 • 

-10 
I ' 

-2 
-3 

4 
-5 
-6 
-7 

8 

-1 
: 
! 

o     -5- 
•6 
-7 

4600 4605 4610 4615 

WAVENUMBER 

4620 4625 4630 4635 4640 4645 

li-1 

H20 

CO, 

N20 

CH4 

cm 
4650 

2.1505 2 1482 2 1459 2 1436 2.1413 2 1390 2.1368 2 1345 2 1299 2 1277 

1/1 

-3 
-4 

5 
-6 
-7 

8 ' 
5 
6 

-7 

B 
9 

|Q 

; 
3 

-4 

' 
6 

-7 
8 

4650 4655 4660 4665 

WAVENUMBER 

4670 4675 4680 4685 4690 4695 

n       ^^ 

2 
i . 
4 - 
5 
6 
7 - 

' , , , , , , '• 

H20 

CO, 

N20 

CH4 

-i cm 
4700 

135 



2.1277   2.1254   2.1231   2 1209   2.11? 2.1164   2.1142   2.1119   2.1097   2.1075   2.1053 

-3 
-4 

•"I                                f" 

7?   -5 

O      -7 
-8 

9 111! i i |    H20 

• 4 
-5 i I i i i    i • 

00      "6 

w    "7 

O      -8 
-9 | H III 1 IHI.'I'I Hi || I III 111 1 III III Hi II 1 ill; llll CO. 

-1 
-2 

w -3 

o     -5 

-7 
tl 

.. . 
1 ||; N20 

-4 

"     1 ;     HBr 

^J     cm 
4700     4705     4710     4715     4720     4725     4730     4735     4740     4745     4750 

WAVENUMBER 

2.1053   2.1030   2.1008   2 0986   2 0964   2 0942   2.0921    2.0899   2.0877   2.0855   2 0833 

00 

oo 

4750     4755     4760     4765 

WAVENUMBER 

4770     4775     4780     4785     4790     4795 

(jrr\ 

H20 

CO, 

N20 

HBr 

cm" 
4800 

136 



2 0833   20812   2.0790   2.0768   2.0747   2.0725   2.0704   2.0683   2.0661   2.0640   2.0619 

4800    4805    4810    4815 

WAVENUMBER 

4820 

5 
-1 

:n -b • 

o 
• 

-7 
-8 

9 
] ! 

? 
-3 

in    -4 

(Um 

H20 

CO, 

HBr 

4825 4830 4835 4840 4845 4850 

2.0619 2 0597 2.0576 2 0555 2 0534 2.0513 2 0492 2 0471 2.0450 2.0429 2 0408 

   M• 

H20 

CO, 

HBr 

cm 
4850     4855     4860     4865     4870     4875     4880     4885     4890     4895     4900 

WAVF: NUMBER 

137 



2.0408   2.0387   2.0367   2.0346   2.0325   2.0305   2.0284   2.0263   20243   2.0222   2.0202 

      M• 

H20 

MiiNkil 

4900 4905 4910 4915 

WAVEN   UMBER 

4920 

CO, 

HBr 

cm 
4925     4930     4935     4940     4945     4950 

2.0202   2.0182   2.0161    2.0141    2.0121    20101    2.0080   2.0060   2 0040   2.0020   2.0000 

-2 
-3 

o  -6 

-1 
-2 

^ "1 O  -5 
6 

-7 

-3 
-4 

O  -7 
-8 
9 

-1 

O  -4 
—  -5 

liilli'lhihlill    i 

MilUiluil I. 

n       M1^ 

H20 

CO, 

N20 

HBr 

cm 
4950     4955     4960     4965     4970     4975     4980     4985     4990     4995     5000 

WAVENUMBER 

138 



2.0000 ' 9980 1.9960 1.9940 1.9920 1.9900 1 988' 1.9861 '   1841 1.9822 1.9802 
/MT\ 

1-1,0 

CO, 

N20 

HBr 

cm 
5000    5005     5010    5015    5020    5025    5030    5035    f-f.-ii     5045    5050 

WAVLNUMBER 

1.9802    19782    1.9763   19743   19724    1.9704    1.9685   19666   19646    1.9627   19608 

;• 

3 

^     1 o     -6 
-7 
-8 

-2 
-3 

W     -* 

"     1 o     -6 
-7 

B 

III 

n:i H il.^.i ilM l^.ha ui..L lil. 1 LI.H.IIJ.IJI I; 111 
-2 

3 

o     -6 
-7 
  

-2 - 
-3 - 

o   ;<h 

/j.m 

H20 

CO, 

N20 

•H, 

5050    5055    5060    5065    5070    5075    5080    5085    5090    5095    5100 

WAVENUMBER 

139 



1.9608   19589   1.9569   19550   1.9531    1.9512   1.9493   1.9474   1.9455   1,9436   1.9417 

JIU IUI L Ml A_n 

yLtm 

H20 

oo    ~i 

O      -5 

2 
-3 

o     -6 
-7 
-8 

-1 

*     1 

.nl,< ',i:, 11 ill, iiiJ jniniii i,, J 

;•• 00 

-5 
B 

4 
-5 

o?    "6 

^    'I o     -8 

-1C 

oo    "• 

» 1 O      -6 

li.|[ !,l.  . 11. Jlnli 

N20 

HBr 

cm 
5100 5105 5110 5115 5120 5125 5130 5,35 5140 5145 5150 

WAVENUMBER 

1.9417   19399   1.9380    19361    1.9342    19324    1.9305    1.9286    1.9268   1.9249    19231 
/urn 

H20 

CO, 

HBr 

5150 5155 5160 5165 5170 5175 5180 5185 5190 5195 5200 

WAVENUMBER 

140 



.9231   1.9212 

C/l 

en 

D 
-t 

.! 
•'. 

-5 
6 

! 
6 

-7 

1.9194 .9175 .9157   1 9139   1.9120   1.9102   1.9084 .9066 

5200    5205    5210    5215 

WAVENUMBER 

5220 5225 5230 5235 5240 

.9048 

11 ll III LILJ II iii i 
li i 

._ ii. i, 
i 

M 
1. ,., ill , ,i 

fim 

H20 

C00 

5250 

1 9048 9029   1 9011 8993   18975   18957   18939   18921    18904   1 

o 

19 
20 . 
21 • - 
7? • \ i                        i                        i i                        i                        i  1 1 1  

-'1 
-5 

! 
-7 
-8 

5250 5255 5260 5265 

WAVENUMBER 

5270 5275 5280 5285 5290 5295 

fjm 

H20 

CO, 

OH 

HCI 

cm 
5300 

141 



1.8868   1.8850 .8832   1.8815 8797   1.8779   1.8762   1.8744   1.8727   1.8709   1 8692 

-1 

*  1 O  -4 
-5 •' 
-4 
-5 

to" "6 

^ "7 
o  -8 

-9 
10 

o  -6 

1, ll, 1 If 1 1 II 11J, 1 rill , ml 1! LI |: 1,1 lllllil 1,1 ^ it In, LIIIIIII ,1 LI_. 

,1111! 

5300 5305 5310 5315 

WAVENUMBER 

5320 5325 5330 5340 5345 

/xm 

H20 

CO, 

HCI 

cm 
5350 

1.869? 1.8674 1.8657 1.8639 1.8622 18605 1 Sf>87 18570 18553 18536 185,9 

0 • 
2 - 

-3 
-4 
-5 

C/l 

6 
-7 
-8 
-9 

-10 
-11 
-12 

o 

.;. i ll il   ill ,i 

18 
19 ] 
20 | 
21 

• , , ,  • , , • 

fim 

J H; 

CO, 

OH 

HCI 

cm 
5350     5355     5360     5365     5370     5375     5380     5385     5390     5395     5400 

WAVENUMBER 

142 



1.8519 1 8501 1.8484 18467         1.8450         1.8433         1.8416         1.8399         1.8382         1.8365         18349 

—      M• 

-1 
-2 
-3 
-4 
-5 

6 

t/1 
<7 

m. ill I., i ii ... iL. .     I    ...L. IJl 

O      -4 
-      -5 

H20 

HCI 

cm 
5400 5405 5410 5415 5420 5425 5430 5435 5440 5445 5450 

WAVENUMBER 

18349 18332 1.8315 18298 18282 1.8265 18248 18232 18215 1.8198 1.8182 

-¥ 
t/1 

3 
o     -4 

-5 
6 iilU 

-1 / "I 

:n -18 " 
0 -?0 

-VI I , , r 

-1 
So     -2 

o    -g 

iuxr\ 

H20 

OH 

HCI 

cm 
5450 5455 5460 5465 5470 5475 5480 5485 5490 5495 5500 

WAVENUMBER 

143 



5182 18165 1.8149 1.8132 1.8116 1.8100 1.8083 1.8067 18051 1.8034 1.801? 

-2 
-3 
-4|- u, 

r, 
-7 a 

fjxn 

H20 

OH 

HCI 

cm 
5500    5505    5510    5515    5520    5525    5530    5535    5540    5545    5550 

WAVENUMBER 

1.8018   1 8002 7986   1 7969   1 7953   1.7937 1 7921 1 7905   1.7889   1.7873 7857 

01 
a 

1 .! iilii 1 milili I III Uilll , 
; II, li l, 1 ,n , 1 M | 

5550    5555    5560    5565 

WAVENUMBER 

5570 5575 5580 5585 5590 5595 

13 
14 . 
15 

17  , ,—' ,  —i 1 . 1 1 1  

/Lim 

H20 

CO, 

OH 

HC 

cm 
5600 

144 



1.7857 1  7841 1.7825 1.7809 1.7794 1.7778 1.7762 1.7746 1.7730 1.7715 .7699 

• J 
in -4 

' (!' 
0 -6 

-7 
13 

i  1 
u: -20 
-~ -- -VI 
n ,v 

23 

Q 
t/n '' 

I n 
n -.1 — 

-4 

y iii ilb i In ii ill I 1 \ Ji 1 nJiil L III, 
l 

1 III 

/im 

H20 

OH 

HCI 

cm 
5600 5605 5610 5615 5620 5625 5630 5635 5640 5645 5650 

WAVENUMBER 

1 7699   1 7683   1.7668   1 7652   1.7637   1.7621   1.7606   1 7590   1 7575   1.7559   1 7544 

   M• 

C/l 

o 

c 

o 
-1 
-2 
3 

J 

5650 5655 5660 •  5665 

WAVENUMBER 

5670 567! 5680 5685 5690 5695 

j   H 

11 
12 . 
13 - 
M 
IS 

LT 1 1   1 1 1 1 1 1  

,0 

CO, 

OH 

HCI 

cm 
5700 

145 



1.7544 1.7528   1.7513   1.7498   1.7483   1.7467   1.7452    1.7437    1.7422    1.7406    1 7391 

o 

0> 
o 

0 
-1 - 

-2 - 
-3- 
-4  

5700 5705 5710 5715 

WAVENUMBER 

5720 5725 5730 5735 5740 5745 

/xm 

H20 

CO, 

OH 

HCI 

cm 
5750 

1.7391 

o     -3 • 
—        -4 

1.7376 .7361 7346 1 7331 1.7316 1.7301 1 7286 1 7271 .7256 1.7241 

5750 5755 5760 5765 

WAVENUMBER 

5770 5775 5780 5785 5790 5795 

-10 
-11 - 

o 
-12 
-13 
-14 

• 

 1 i 1 1 r I  

/Ltm 

H20 

OH 

HCI 

cm 
5800 

146 



I   7241 1.7227 .7212 7197 1 7182 1.7167 1.7153 1.7138 1 7123 1.7109 1.7094 

t/l 
01 

5800 

WAVENUMBER 

1.7094 

o 

if) 

• ! 
14 1 
IS .                                                         ! 
16 
17 ] 

1 
2 
3" I I 1 I : J U : 

jum 

H20 

CO, 

OH 

HCI 

5805    5810    5815    5820    5825    5830    5835    5840    5845    5850 

17079   17065   17050   1.7036   1.7021    1.7007   16992    1.6978   1.6964   16949 

•3 
D - 
2 

 1 1 1 1 1 1 1  

jLtm 

H20 

CO, 

CH4 

OH 

cm 
5850     5855     5860     5865     5870     5875     5880     5885     5890     5895     5900 

WAVENUMBER 

147 



1.6949   16935   1.6920   1.6906   1.6892   1.6878   1.6863   16849   16835   1.6821 1.6807 

o 

o 

-4 
-5 
-6 
-7 
-8 
-9 
in 

CO 

CP 
o 

5900 5905 5910 5915    5920    5925    5930 

-1 
-2 - 

l 1 |_        I \ _ 
12 
13 - 
14 - 
15 
16 ,          11,11            , L _] ! f (  

//m 

H20 

CO, 

CH4 

OH 

5935 5940 5945 5950 

WAVENUMBER 

1.6807 .6793   1.6779    1.6764 .6750 16736 .6722 1.6708 1.6694 1.6681 1.6667 

• 

O 

5950    5955    5960    5965 

WAVENUMBER 

5970 5975 5980 5985 5990 5995 

fj.m 

H20 

CO, 

CH4 

OH 

cm 
6000 

148 



1.6667 .6639 1.661 ' 6584    1,6556    1.6529   1.6502    1.6474    16447   1.6420   1.6393 

• / 
-B 
-9 

• 1 M 
6000    6010    6020    6030    6040 

WAVENUMBER 

6050 6060 6070 6080 6090 

/i.m 

H20 

CO, 

CH4 

OH 

cm 
6100 

1.6393 1 6367 1.6340 1 6313 1 6287 1 6260 6234 6207 1 6181 1.6155 1 6129 

en 
o 

6100 6110 6120 6130 

WAVENUMBER 

6140 6150 6160 6170 6180 619 

6 
-7 
-8 - 

•i 
in  —r—— 1 1 1 1  

-4 
-5 . 

E - 
-7 

B 
- 

jjxr\ 

H20 

C02 

CH4 

OH 

HI 

-i cm 
6200 

149 



1.6129 6103   1.6077   1.6051    1.6026   1.6000   1 5974   1 5949   1.5924   1.5898   1.5873 
/Um 

H20 

CO, 

5 
4 - 
5 • 
6 - 
7 - 
8- 
9    .    . __  J I  

CO 

CT' 
O 

10 

12 
13 - 
14 - -, 
15 
'6 " - 

-U 
OH 

CT 

2 
3 
4 -   , I 
5 - 6 J ,  

HI 

6200 6210 6220 6230 6240 6250 6260 6270 •-.:- 629C 6300 

WAVENUMBER 

150 



1 5873 5848 1.5823 5798 5773 1.5748 1 5723 1.5699 1.5674 1.5649 1.5625 

i/- 

urn 

H20 

CO, 

CO 

10 
' i 
12 
1 ; 

•''. 

-4 
-5 

6 - - 
- / 
-H —u ,  " OH 

2 
3 
4 
5 
6  

cm 
6300 6310 6 S20 6330 6340 6350 6360 6370 6380 6390 6400 

WAVENUMBER 

151 



1.5625 1.5601 1.5576 '  ~5^2 .5528 1.5504 .5430 1.5456 .54.32 1.5408 5385 
/xm 

/, 
:J 

-9 
i: _ 

H20 

9 
-10 . 

CO, 

! 
•• 

5 
h 
i 
B 
'i 

CO 

-tor 
-11 • 
-12 
-13 • 
-14 • 
-15- 
-16 . 

o 

6400 

I- 
4 - 
5 • 
6  

OH 

-I 

err 
6410 6420 6430 6440 6450 6460 5470 6480 6490 f.S. 

W   A   V  E   N   U   M E   R 

152 



15385 T .5361 1.5337 1.5314 1.5291 1.5267 1.5244 15221 15198 1.5175 15152 

!.v. 
o 

t/1 

1/1 
-.11 

/i.m 

H20 

C02 

OH 

; 

6500 6510 6520 6530 6540 6550 6560 6570 6580 6590 6600 

WAVENUMBER 

153 



1.5152   1.5129   1.5106   1.5083   1.5060   1.5038   1.5015   1 4993   1 4970   1.4948   1.4925 

-3 

O  -6 
-7 

C/l  "' 

^ 1 O  -9 
-10 
-l ' 

o  ;4 _L 

1.4925   1 4903 .4881   1.4859   1.4837   1.4815   1 4793   1 4771   1.4749   1 4728 

a 

-5 

^ 'I o  -8 

in    -' 

fim 

H20 

CO, 

OH 

err 
6600    6610    6620    6630    6640    6650    6660    6670    6680    6690    6700 

WAV  EN   UMBER 

4706 

-2 
-3 •        I 

ill ., II i „• ill •Nil ill ,ii, Hi I Jll'iii ! Aiul lli III 111     I,    III 111  Jim   ,   I   Hi   ll 

jjrn 

H20 

C02 

OH 

cm' 
6700     6710     6720     6730     6740     6750     6760     6770     6780     6790     6800 

WAVEN UMBER 

154 



1.4706 1.4684 1  4663 1 4641 1.4620 1.4599 1.4577 1.4556 1  4535 1.4514 1  4493 

I 
-2 

CO     "3 

o     -5 
-6 
-7 

o 3 
—        -4 I l I 1 

/um 

H20 

CO, 

OH 

cm 
6800    6810    6820    6830    6840    6850    6860    6870    6880    6890    6900 

WAVENUMBER 

1.4493   14472   1.445'    14430   14409   14388   14368   1434/   1432 7   14306    14286 
//m 

H20 

CO, 

01I 

6900    6910    6920    6930    6940    6950    6960    6970    6980    6990    7000 

WAVENUMBER 

155 



14286 1.4265 1.4245 14225 14205 14184 14164 1.4144 14124 1.4104 14085 

fim 

7000     7010     7020     7030     7040     7050     7060     7070     7080     /090     MOO 

WAVENUMBER 

1 4085   1.4065   1.4045   1.4025 

o1 

<> 

o 

-? 
-3 
-4 
-5 
-6 

-2 • 
3 

5 
6 

-7 
-8 

7100 

14006 1.3986 1.3966 1.3947 1.3928 1.3908 13889 
 —____TT__T_r_„,TT_T_m,m^„__,     urn 

.11 

JI 

7110 7120 7130 7140 7150 7160 7170 7180 7190 

III H20 

OH 

Hf 

cm 
;2oo 

WAVENUMBER 

156 



1.3889 1 3870 1.3850 1.3831 1.3812 1.3793 1,3774 1.3755 1 3736 1.3717 1 3699 

illluLL mill , 
H20 

7200 7210 7220 7230 

WAVE   NUMBER 

7240 7250 7260 7270 7280 7290 

/^m 

co2 

OH 

HE 

HBr 

cm" 
7300 

1.3699 1 3680 1.3661 1 3643 3624 1 3605   1 3587   1.3569    1 3550    1.3532 3514 

in 

o 

.1 ij 

7300 

I. 

/xm 

H20 

CO, 

OH 

HE 

HBr 

cm 
7310     7320     7330     7340     7350     7360     7370     7380     7390     7400 

WAVENUMBER 

157 



1.3514   1.3495   1.3477   1.3459   1.3441    1.3423   1.3405   1.3387   1.3369   1.3351   ^.2252 

rr 
o 

c 

4 i 

b - 
6 1 
7 . 
H  , 1           —           r 

7400     7410     7420     7430 

WAVENUMBER 

7440 7450 7460 7470 7480 7490 

/Um 

H20 

CO, 

OH 

HF 

HB^ 

cm 
7500 

•i.iiil 1 3316 1.3298 1.3280 1.3263 1 3245 1.3228 1.3210 1.3193 1.3175 1 3158 

ex 

-5 
f 

-i - 

a 
-9 

-10 • 
-11 

..i 

1 
7 . 

-8 1           1 

-9 
1 -, , , J 1 ,                   —, 1 ,—J '• 

/i.m 

H20 

CO,, 

OH 

HI 

cm 
7500 7510 7520 7530 7540 7550 7560 7570 7580 7590 7600 

WAVENUMBER 

158 



1.31 58    1 3141 1.3123   13106   1.3089   1.3072   1.3055   13038   1.3021 1.3004 

o 

O 

if. 

9 
10 

-11 - 
-12 

1.5 
-14 —i 1  

" 

7600 7610 7620 /630 

WAVENUMBI 

7640 7650 7660 76/0 7680 

un 

H?0 

C0Q 

HF 

cm 
7700 

1 2987 1  2970 1.2953 1  2937 1 2920 1 2903 1.2887 1  2870 1 2853 1 2837 

'./:• 

(/I 

Oi 

• • 

12 . 
13 1                                 1 

• •• 

IS 

V) 

7 700 7/10 /730 

WAVENUMBER 

/ 740 7750 7760 7770 780 7/90 

H 

CO, 

0, 

OH 

.;. 

cm 
780C 

159 



1.2821 

-3 
-4 
-5 
-6 
-7 
-8 •a 
-6 
-7 
-8 
-9 
-10 
-11 - 
-12 

0< 
o 

-5 
6 

-7 
-8 
-9 

-io|- 
-ii 

2804   1.2788   1.2771    1.2755   1.2739   1.2723   1.2706   1.2690   1.2674   1.2658 

7800    7810    7820    7830 

WAVENUMBER 

7840 7850 7860 7870 7880 7890 

t r 
o- 

-1 - 
-2 • 
-3  

fjxr\ 

H20 

CO, 

HF 

cm 
7900 

1.2658 .2642 1.2626 12610 1.2594 12579 1.2563 12547 12531 1.2516 12500 

o 

V) 

0 

I I I 

—I 1 J—fj—1—I— -r 

|: 

7900    7910    7920    7930 

WAVENUMBER 

7940 7950 7960 7970 7980 7990 

0 

2 - 
» - I 
4 1 1 1— i                          '  ,  '—, L, 1—^-  

/j.<nn 

H20 

CO, 

0, 

ur 

cm 
8000 

160 



1.2500   1 2484   1.2469   1.2453   1.2438 1 2422 1.2407   12392   1.2376   1.2361 

5 
6 

-7 - 
-8 

•i 

-10 - 
-11 

(/I 

a- 
o 

8000 8010 8020 8030 

WAVENUMBER 

8040 8050 8060 8070 8080 8090 

1.2346 

/ 
8 

-9 " 
'0 " 

12 - 
 r~ L T •  1  I                                                    1                                                     I 

/um 

H20 

CO, 

HCI 

cm 
8100 

1.2346 2330 1 2315 1.2300 1 2285 1.2270 1.2255 1.2240 1 2225 1.2210 1 2195 

o 
- / 

8 
a | 

-10 i 

8100 8110 8120 8130 

WAVENUMBER 

3140 8150 8160 8170 3180 8190 

3 
4 - 

5 • 
6 • 
7  

/i.m 

H20 

CO, 

HCI 

H 

cm 
8200 

161 



1.2195 1.2180 1.216b 1.2151 1.2136 1.2121 1.2107 1.2C92 1.2077 12063 1.204J 

! 
-4 

*    1 o      -7 

-4 

(/)        6 

^     "I o     -8 
-9 

-10 

o     -5 
—      -6 

00 -> 

^ 1 O -6 
— -7 

8200 8210 8220 8230 

WAVENUMBER 

8240 8250 8270 8280 

II 

/um 

H20 

CO, 

HCI 

HI 

8300 

1.2048   1.2034    1.2019 2005 1 1990    1.1976   1.1962    1.1947   1.1933   1.1919 1.1905 

o 

19 
20 - 
21 - - 
22 
23 _J L^ ,_  1   1   1" 

If) 

t/l 

8300 8310 8320 8330 

WAVENUMBER 

8340 B3! ) 8360 8370 838C 8390 

3 
4 - 
5 - 
6 - 
7               

/zm 

H20 

CCL 

OH 

HCI 

•I 

cm 
8400 

162 



11891 1.1876 1.1862 1.1848 1.1834 1.1820 1.1806 11792 1.1779 11765 

'J< 
a 

8400 8410 8420 8430 8440 

WAVE   NUMBER 

8450 8460 8470 8480 8490 

•v. "1 
'•1 - 
20 

i       i ,            1      ,     .              ,                   ,                   Jill,          1      1 
2 " 
3 • . 

,um 

H20 

OH 

HCI 

H 

cm 
-     ' 

1   1 751 '/ 1.1723 1  1/10 1  1696 I  1682 1  1669 1   1655 1.1641 1   1628 
jjxr\ 

H?0 

01' 

cm 
8500    8510    8520    8530    3540    8550    8560    8570    8580    8590    8600 

WAVLNUMBhR 

163 



1.1628   1.1614   1.1601   1.1587   1.1574   1.1561   1 1547   1.1534   1.1521   1.1507   1.1494 

15 

i. JilLI libliiiiiililiylli 
^ -,6 
O -17 
- -18 

1.1494   1.1481    1.1468   1 1455   1 1442 

-1 
-2 

in -3 
-4 <« 

o -b 
-fi / 

-13 
in -14 

-1b 
-1h 
-17 I I ,l 

fim 

H20 

OH 

crn 
8600    8610    8620    8630    8640    8650    8660    8670    8680    8690    8700 

WAVENUMBER 

1.1429         1.1416         1,1403         1.1390         1.1377         1.1364 

       Mm 

ylliiLuiln lililJUlillili Li ill ,,ii. i Inn iiij . it iliiili jl iiiiiiiiil H20 

OH 

_j cm 
5700    8710    8720    8730    8740    8750    8760    8770    8780    8790    8800 

WAVENUMBER 

164 



1.1364   1 1351   1.1338   1.1325   1.1312   1.1299   1.1287   1.1274   1.1261    1.1249   1.1236 

(/} 

-1 
? 

-3 
-4 

o     -5 
-6 / 

„ -1? 
^   -13 
•^ -14 

o -15 
—    -16 

iuiil LJIL jlillll 

I  II I, I 

ILU 

-14 

-    -18 

-I Ml.il LlH,11,1 |U iLLIUJllL I. ,J w LUyliiL 

//m 

H20 

OH 

cm 
8800    8810    8820    8830    8840    8850    8860    8870    8880    8890    8900 

WAVENUMBER 

1.1236   11223   1.1211    11198   11 186   11173   1.1161   1.1148   11136   11123   1.1111 
/xm 

H20 

OH 

cm 
8900    8910    8920    8930    8940    8950    8960    8970    8980    8990    9000 

WAVENUMBER 

165 



1.1111   1.1099   1.1086   1.1074   1.1062   1.1050   11038   11025   '.1013   1.1001   1.0989 

* 1 O  -7 

W "2 
o -13 
- -14 

IJ.ru 

H20 

OH 

cm 
9000    9010    9020    9030    9040    9050    9060    9070    9080    9090    9100 

WAVENUMBER 

1.0989   10977   1.0965   10953   1.0941    10929   1.0917   10905   10893   1.0881   1.0870 
/zm 

H20 

OH 

cm 
9100 9"10 9120 9130 9140 9150 9160 9170 9180 9190 9200 

WAVENUMBER 

166 



1.08/0 1 0858 1.0846 1.0834 .0823 381 1.0799 1.0787 1 0776 1.0764 

U 

LU1 

9200 9210 9220 9230 

WAVENUMBFR 

9240 9250 9260 92/0 9280 VM 

1.0753 

I 
10 . . 
: i 

'. 

'•  1 1 1 < 1 1  1 1  i 

/U.m 

H20 

0 

< )l i 

cm 
'.Mil 

1 0741 1 0730 1.0718 10707 10695 1.0684 1,0672 10661 10650 10638 

Ol 

//m 

CO, 

0, 

OH 

cm 
9300    9310    9320    9330    9340    9350    9360    9370    9380    9390    9400 

WAVENUMBER 

167 



1.0638   1.0627   1.0616   1.0604   1.0593   1.0582   1.0571   1.0560   1.0549   1.0537   1.0526 

-*r 
•5 
6 - 

-7 
o  -8 

10 

1 
Ol 

01 o 

9400 9410 9420 9430 

WAVENUMBER 

9440 9450 9460 9470 9480 9490 

-7 • ' 
a • 

-9 • 

10 
11 II        II  ,       , II ,    II- 

IMT\ 

H20 

CO, 

OH 

cm 
9500 

1.0526 10515 1.0504 10493 10482 10471 1.0460 10449 10438 

ir, 

Ol 

o 

5 
6 

-7 
-8 

9 
-10 - 
-11 

9500 9510 9520 9530 

WAVENUMBER 

9540 9550 9560 9570 9580 

.0428 1.0417 

    ,     Mm 
-5 
-6 - 
-7 1 

-8 
-9 

-10 
-11 —i 1 1  r i ,  1  

9590 

-6 
-7 • . 
-8 , - 

9 
in 1 i                  1 llj               ,         1     , II 
3r 
4 
b - 
6- 
7 U U  

H20 

CO, 

011 

HBr 

cm 
9600 

168 



1.0417 10406 1.0395 1.0384 1.0373 1.0363 10352 1.0341 10331 1.0320 1.0309 

5 
-6 

ST     "7 

* 1 O      -9 
"    -10 

1 ' 

6 
-7 

C/T     _8 

^     "9 

o -10 
-11 
-12 

-5 

O      -| 

_     -3 
ST   -« 

* 1 

/xm 

H20 

CO, 

OH 

HBr 

9600 9610 9620 9630 9640 9650 9660 9670 9680 9690 9700 

WAVENUMBER 

10309   10299   10288   10277   1.0267   10256   1.0246   1.0235   10225   10215   10204 

-4 
-5 

Xn    "6 

^ ~l o  -8 
-9 
10 

o  -fh 

9700    9710    9720    9730    9740    9750 

WAVFNUMBER 

9760 

iim 

H20 

OH 

HBr 

cm 
9770 9780 9790 9800 

169 



1.0204 1.0194        1.0183 1.0173 1.0163 1.0152 1.014? 1.0'3? 1.0121 1.0111 .0101 

-4 
-5 

•</)"       6 

o      -8 • 
-9 • 

-10 

"    1 O      -6 
—      -7 

fim 

H20 

OH 

9800 9810 9820 9830 9840 9850 9860 9870 9880 9890 9900 

WAVENUMBER 

1.0101 

-4 
-b 

-9 
'0 

^ -*• 

o     -5 - 
-      -6 

1 0091 1.0081 1.00/0 1.0060 1.0050 1.0040 1.0030 1.0020 1.0010 10000 

J 
9900 9910 9920 9930 

WAVENUMBER 

9940 995 | 9960 9970 i i- 

(Ltm 

H20 

-I 

• ooo 

1.0000 

O  -B- 
-9 - 

-10 

  .9970 g |60 9950 .9940 .9930 9921 

10000    10010    10020    10030    10040 

WAVENUMBER 

10050 10060 10070 

991 1 

10080 •••.•!'.!•: 

.9901 
/MTi 

H20 

cm 
10100 

170 



.9901 .9891 .-.-'• .9872 .9862 9852 9843 .9833 9823 

10100 10110 10120 10130 

WAVE:   NUMBER 

10140 10150 10160 10170 10180 

.9814 

10190 

9804 
^m 

HjO 

cm 
10200 

.9804 • .9785 .9775 9756 .9747 .9 737 9728 9709 

10200 10210 I220 10230 102"0 10250 1260 102 10280 

WAVENUMBER 

' 

/u.m 

H20 

cm 
10300 

o 

..'.. 9690 

10300    10310    10320    10330 

WAVENUMBER 

10340    10350    10360    10370    10380    10390    10400 

171 



(A 

.9615 .9606 .9597 .9588 .9579 .9569 .9560 .9551 .9542 

10400    10410    10420    10430 

WAVENUMBER 

10440 10450 10460 10470 10480 

.9533 

10490 

.9524 
,um 

H20 

cm 
10500 

.9524 

"6- 

9515 .9506 .9497 .9488 9479 .9470 .9461 .9452 .9443 .9434 

-1 
-2 
-3 -   1 
-4 

-6 1 III) ilUlllJi illll 111 ll Illll III lliL i ill ll Ll Hi iii i, Li .hi IN I,I II ill 11 
10500 10510 10520 10530 

WAVENUMBER 

10540 10550 10560 10570 10580 10590 

yum 

H20 

cm 
10600 

.9434 .9425 9416 .9407 9398 .9390 .9381 .9372 .9363 .9355 

10600 10610 10620 10630 

WAVENUMBER 

10640 10650 10660 10670 10680 10690 

.9346 
fjjm 

H20 

cm 
10700 

172 



.9346 9337 .9328 .9320 .9311 .9302 .9294 .9285 .9276 .9268 .9259 

liiiliiiltmillfaiiliiLiiiiJiii 

jj.rr\ 

H20 

-3 
-4 

.9174 9166 9158    .9149 91 4 ! 9132 9124    .9116 .9107 .9099 

cm 
10700    10710    10720    10730    10740    10750    10760    10770    10780    10790    10800 

WAVENUMBER 

.9259     9251     9242    .9234    .9225     9217     9208     9200    .9191     .9183    .9174 
 , , ,    /JXT) 

H20 

cm 
10800    10810    10820    10830    10840    10850    10860    10870    10880    10890    10900 

WAVENUMBER 

10900    10910    10920    10930    10940    10950    10960    10970    10980    10990    11000 

WAVENUMBER 

173 



...,:•<• .9083    .9074    .9066     i  -    .9050    .9042 .9025    .9017    .9009 
/urn 

H20 

cm 
11000    11010    11020    11030 

WAVENUMBER 

11040 i :•••. 11060 11070 1 '080 • • _,:,:;, 11 100 

.;.::•.. .9001 .- , , WT,'\: .8977 .8969 896 

11 100 11110 11120 111 

WAVENUMBER 

1 1 140 1 1150 I I'- ll 170 11 180 1 1 190 1 1200 

;-•<,' i 

O 

•V'.   1 B .i • • fc-Ur SS'.w .8889 8881 8873 .8865 .885/ 

11200 11210 11220 11230 

WAVENUMBER 

1 1240 1 1250 11260 11270 1 1280 1 1 290 

9 S 51.' 

."'" ' 

H20 

cm 
1 1300 

174 



.8850 8842 .8834 .8826 .8818 .8803    .8795    .8787     8780    .8772 
fj.m 

H20 

cm 
11300 11310 11320 11330 

WAVENUMBER 

1340 1 1350 11360 11370 11380 1 1390 1 1400 

.8772 

01 
0 

8/64 .8757 .8749 8741 8734 .8726 371S 171 1 8 !C 5 

11400 11410 11420 11430 

WAVENUMBER 

1 1440 1 1450 1 1460 11470 1 1480 1 1490 

8696 

5 
6 . 

• / 

S • - 
-9 - 
10 

r 1 1 ' T L 

B 
9 . 

1 - 
12 - 
1J 
1 4 

" 

fjm 

H20 

1 1500 

.8696 8688 8681 .8673 8666 B658 .8651 8643 .8636 .8628 

11500 11510 11520 11530 

WAVENUMBER 

11540 11550 1 1560 1 1570 1580 11590 

.8621 
/um 

H20 

0, 

cm 
11600 

175 



in 

.8621 

-*' 
-5- 
-6 - 
-7 - 

8 
-9 • 

-10 _ 

8 
9 

-10 
-11 
-12 
-13 
-14 

11600 

8613 

11610 

.8606 .8598 .8591 .8584 .8576 .8569 .8562 

11620 11 630 

WAVENUMBER 

1 1640 11650 11660 1670 11680 

.8554 

11690 

.8547 
/izm 

H20 

0, 

cm 
11700 

.8547 

-4 
-5 

*   'I o -8 
-9 
10 

8540 .8532 .8525 .8518 .8511 .8503 .8496 8489 

11700 11710 11720 11730 

WAVENUMBER 

11740 11750 11760 1 1770 11780 

8482 

11790 

.34 75 
,itm 

H20 

cm 
11800 

.8475 8467 .8460 8453 8446 .8439 .8432 8425 8418 .8410 .8403 
/uim 

H20 

-5 
-6 
-7 

B 
9 

10 

cm 
11800 11810      .   11820 11830 

WAVENUMBER 

11840 11850 1 1860 11870 11880 1 1890 11900 

176 



.8403 

O1 

o 

.8396 .8389 .8382 .8375 .8368 .8361 .8354 .8347 

11900    11910    11920    11930 

WAVENUMBER 

11940 11950 11960 1 1970 11980 

.8340 

1 1990 

.8333 
fim 

H20 

cm 
12000 

.8333 .8326 8319 831 3 8306 8299 8292 8285 8278 8271 

12000 12010 12020 12030 

WAVENUMBER 

12040 12050 12060 12070 12080 12090 

8264 
/zm 

H20 

cm 
12100 

.8264 

-3 
-4 
-5 

9     "7 

-8 

(/I 

8258 8251 .8244 .8237 .8230 8224 8217 .8210 .8203 

12100 12110 12120 12130 

WAVENUMBER 

12140 12150 12160 12170 12180 12190 

8197 

. i .inn I lii III il lllili Ini   Hi     mil il 

fim 

H20 

cm 
12200 

177 



.8197 .8190 .8183 5177 31 70 .8163 5157 .8150 .8143 

3 
-4 • 

•X   •*• 
O      -7 • 

-8- 
-a 

.8137 .6130 

III ! || i! Mi iii III iii .li nil -jj—1 ILLL ill III 
fj.rr\ 

H20 

^j    cm 
12200 12210 12220 12230 12240 12250 12260 12270 12280 12290 12300 

WAVENUMBER 

.8130 

-4 
-5 

CO  "6 

* 'I o  -8 

•i 

8123 5117 5110 .8104 809 7 .8091 .8084 .80 78 

12300    12310    12320    12330 

WAVENUMBER 

I 2340 12350 12360 12370 12380 

.8071 .8065 
fj.m 

H20 

cm 
12390    12400 

.8065 8058 8052 .8045    8039    8032    8026    8019    8013    8006    .8000 

12400    12410    12420    12430 

WAVENUMBER 

12440 12450 12460 12470 12480 12490 

/im 

H20 

cm 
12500 

178 



8000 .7994 .7987 .798" .7974 7968 .7962    .7955 .7949 

12500    12510    12520    12530    12540 

WAVENUMBER 

12550 

7943 .7937 
/um 

H20 

12560 12570 12580 12590 12600 

.7937 

t/1 

4 
5 

-6 
-7 

O      -8 
-9 
in 

7930 .7924 7918 791 ' 7905 .7899 7893 7886 7880 

12600 12610 12620 12630 

WAVENUMBER 

12640 12650 12660 12670 12680 12690 

7874 
fj.m 

H20 

cm 
12700 

.7874 7868 7862 .7855 7849 .7843 .7837 7831 7825 7819 

12700 12710 12720 12730 

WAVENUMBER 

12740 12750 12760 12770 12 780 12790 

.7813 
/7.m 

H20 

cm 
12800 

179 



.7813    7806    .7800    .7794    ,7788    .7782    .7776    .7770    .7764    .7758    .7752 

   —___„„„_„„_ fj.m 

e 
-9 

-10 
-11 
I.1 

t/1 -9 
-10 
-1 1 
-12 
-13 

12800    12810    12820    12830 

WAVENUMBER 

12840 12850 12860 12870 12880 12890 

H20 

cm 
12900 

.7752 7746 7740 .7734 7728 7722 .7716 .7710 .7704 .7698 .7692 

6 
-7 
-8 
-9 
10 
1 1 
17 

12900 12910 12920 12930 

WAVENUMBER 

12940 12950 12960 12970 1 2980 12990 

fim 

H20 

cm 
13000 

.7692 7686 .7680 .7675 7669 .7663 7657 7651 7645 7639 .7634 
yLtm 

III ihiiiij II  II in III ||M MM III III 
cm 

13000    13010    13020    13030    13040    13050    13060    13070    13080    13090    13100 

WAVENUMBER 

180 



en 

.7634 7628 .7622 .7616 .7610 .7605 .7599 .7593 .7587 .7582 

13100    13110    13120    13130 

WAVENUMBER 

13140 13150 13160 13170 13180 13190 

.7576 
/um 

cm 
13200 

.7576             7570             7564            .7559              7553             7547            .7541             .7536            .7530             7524            .7519 

      M• 

c/) 

6 
-7Y 
-8 
-9 

o   -10 
-11 

12 

13200    13210    13220    13230 

WAVENUMBER 

13240 13250 13260 13270 13280 

H20 

13290    ' 5300 

.7519 

* 1 o  -9 
-10 

1 ' 

7513 .7508 .7502 7496 7491 .7485 7479 7474 7468 

13300    13310    13320    13330    13340 

WAVENUMBER 

13350 13360 13370 13380 

.7463 
//m 

H20 

cm 
13390 13400 

181 



.7463 .7457 .7452 .7446 .7440 .7435 .7429 7424 74"8 .7413 

13400    13410    13420    13430 

WAVENUMBER 

13440 13450 13460 13470 13480 13490 

.7407 
/im 

H20 

cm 
13500 

. 740 7 7402 .7396 .7391 7386 .7380 7375 7369 7364 .7358 .7353 
^m 

H20 
10 

iii   ii        i1 ii in uii i     i   in   II 11       i 

13500    13510    13520    13530 

WAVENUMBER 

13540 13550 13560 13570 13580 13590 
cm 

13600 

.7353 

-3 
-4 

^ -!- 
o     -7 

7348 .7342 ,7337 7331 7326 .7321 .7315 7310 .7305 .7299 

13600 13610 13620 13630 13640 13650 13660 

WAVENUMBER 

Aim 

H20 

^j     cm 
\5i '•':> 13680    13690    13700 

182 



.7299 .7294 7289 .7283 .7278 .7273 .7267 .7262 .7257 .7252 

13700    13710    13720    13730 

WAVENUMBER 

13740 13750 13760 13770 13780 13790 

.7246 
jixm 

H20 

cm 
' 580 

7246 7241 7236 7231 7225 7220 7215 7210 7205 .7199 7194 
fj.ro 

H20 

cm 
13800 13810 13820 13830 

WAVENUMBER 

I 3840 13850 13860 I387C 13880 ' 3890 13900 

in 

7194 7189 7184 .7179 7174 .7163 7158 7153 7148 .7143 
fj/n 

H20 

13900    13910    13920    13930    13940    13950    13960    13970    13980    13990    14000 

WAVENUMBER 

183 



.7143 .7138 .7133 .7128 .7123 .7117 .7112 .7107 .7102 7097 7092 
//.in 

H20 

cm 
14000    14010    14020    14030    14040    14050    14060    14070    14080    14090    14100 

WAVENUMBER 

.7092 

-10 . 

7087 .7082 7077 .7072 .7067 .7062 7057 7052 7047 

14100 14110 14120 14130 

WAVENUMBER 

14140 14150 14160 14170 14180 14190 

7042 
fim 

H20 

cm 
14200 

.7042 . 703 7 7032 .7027 7022 .7018 .7013 7008 7003 .6998 

14200 14210 14220 14230 

WAVENUMBER 

14240 14250 14260 14270 14290 

.6993 
fj.m 

H20 

cm 
14300 

184 



.6993 

! 
4 

'• 

• 

8 
I 

f. 
-7 

a 
9 

-10 - 
-11 
-12 

14300 

.6988 6983 .6978 .6974 6969 .6964 .6959 6954 .6949 

14310 14320 14330 14340 I 4350 14360 14370 14380 14390 

6 144 
/xm 

H20 

cm 
I440C 

W   A  V  E   N   U   M E   R 

O 

6944             6940             6935            .6930             6925             6920            .6916             6911              6906            .6901             .6897 

         M"1 

'1 
-10 

14400    14410    14420    14430 

WAVENUMBER 

14440 14450 14460 14470 14480 14490 

H20 

cm 
14500 

.6897 6892 688 7 .6882 6878 .6873 6868 .6863 6859 6854 

14500 14510 14520 14530 

WAVENUMBER 

I 4540 14550 14560 14570 14580 1 .1<-j " 

6849 
/Ltm 

H20 

cm 
14600" 

185 



.6849    .6845    '.-•:     6835    .6831    .6826    .6871     6317    .68^7    6807    .6803 

.6803    6798    .6793    .6789    .6784    6780    6775    .6770 

/j.rr 

H20 

cm 
14600    14610    14620    ' ->; JO    14640    14650    14660    14670    14680    14690    14700 

WAVENUMBER 

14700    14710    14720    14730    14740    14750    14760    14770    14780    14790    14800 

WAVENUMBER 

.6757    675?    6748    .6743    .6739    6734    6779    6725    6720    6716    .671 

14800    14810    14820    14830    148*0    14850    14860    14870    14880    14890    14900 

WAVENUMBER 

/zm 

cm 

186 



.671 1 

1  1 
-12 

5707 .6702 .6698 .6693 i - :-.'•• .6684 .6680 .6676 6671 .6667 

H20 

cm 
14900 14910 14920 14930 14940 14950 14960 14970 14980 14990 15000 

WAVFNUMBER 

.666 7 6658 .--.,-.•   • .6649 .6645 . i  •!•• 6636 6631 6627 .6623 
fj.m 

H20 

cm 
15000 15010 15020 15030 15040 

WAVENUMBER 

15050 15060 15070 15080 15100 

.6623 6618 6614 6609 6605 6601 6596 6592 .6588 6583 

-4 
-5 
6 

o 
-7 
-8 

9 
If) 

15100 15110 15120 15130 

WAVENUMBER 

15140 15150 15160 15170 15180 

6579 
/xm 

H20 

cm 
15190 15200 

187 



.6579 .6575 .6570 .6566 .6562 .6557 .6553 .6549 .6545 

-5 

o  -8 
-9 

-10 

15200    15210    15220    15230    15240 

WAVENUMBER 

15250 15260 15270 

.6540 

15280    15290 

.6536 

—,  M• 

H20 

cm 
15300 

6536 

-4 
-5 

00  "6 

* 'I o  -8 
-9 
10 

6532 6527    .6523    6519    6515 6510 6506    6502 .6498 .6494 
fj.m 

H20 

cm 
15300    15310    15320    15330    15340    15350    15360    15370    15380    15390    15400 

WAVENUMBER 

.6494 

r • 

-4 
-5 

CO       "6 

s -I 
-9 
10 

6489 .6485 .6481 .6477 6472 6468 6464 6460 

15400 15410 15420 15430 

WAVENUMBER 

15440 15450 15460 15470 

6456 

15480 15490 

.5452 

H20 

cm 
15500 

188 



.6452    6447 

-5 
-6 

* 1 o  -9 
-10 
-11 

6443 .6439 .6435 .6431 .6427    .6423 .6418 6414 .6410 
um 

H20 

cm 
15500    15510    15520    15530    15540    15550    15560    15570    15580    15590    15600 

WAVENUMBER 

.6410 6406 6402 6398 6394 6390 6386 6382 6378 6373 

15600    15610    15620    15630 

WAVENUMBER 

15640 15650 15660 15670 15680 15690 

.6369 
firn 

H20 

cm 
15700 

6369 6365 6361 .6357 .6353 6349 6345 .6341 .6337 6333 

15700 15710 15720 15730 

WAVENUMBER 

15740 15750 15760 15770 15780 15790 

.6329 
/j.rr\ 

H20 

cm 
15800 

189 
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